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Introduction: Strategies of Schwann cell (SC) transplantation for regeneration of peripheral 
nerve injury involve many limitations. Stem cells can be used as alternative cell source for 
differentiation into Schwann cells. Given the high potential of neural crest-derived stem cells 
for the generation of multiple cell lineages, in this research, we considered whether olfactory 
ectomesenchymal stem cells (OE-MSCs) derived from neural crest can spontaneously 
differentiate into SC lineage

Methods: OE-MSCs were isolated from human nasal mucosa and characterized by the 
mesenchymal and neural crest markers. The cells were cultured in glial growth factors-free 
medium and further investigated in terms of the phenotypic and functional properties. 

Results: Immunocytochemical staining and real-time PCR analysis indicated that the cultured 
OE-MSCs expressed SCs markers, SOX10, p75, S100, GFAP and MBP, differentiation 
indicative. It was found that the cells could secrete neurotrophic factors, including brain-
derived neurotrophic factor (BDNF) and nerve growth factor (NGF). Furthermore, after co-
cultured with PC12, the mean neurite length was enhanced by OE-MSCs. 

Conclusion: The findings indicated that OE-MSCs could be differentiated spontaneously 
into SC-like phenotypes, suggesting their applications for transplantation in peripheral 
nerve injuries.
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1. Introduction

he application of cell-based therapies is one 
of the most promising strategies for treating 
peripheral nerve injuries, whereby trophic 
factors and cytokines are provided by en-
grafted cells (Bagher et al., 2015; Hussain et 

al., 2020). Schwann cells (SCs) as major myelin-form-
ing cells and a key component in peripheral nerve tissue, 
play important roles in the process of nerve regenera-
tion (López-Cebral et al., 2018). Following nerve injury, 
these cells proliferate rapidly and dedifferentiate while 
clearing the myelin debris (Jessen & Mirsky, 2019). SCs 
promote and direct axonal outgrowth from the proximal 
to distal neural ends by releasing various neurotrophic 
factors and extracellular matrix, forming the Büngner 
bands that act as longitudinal guidance channels (Has-
sanzadeh et al., 2021; Jessen & Mirsky, 2019; Zochodne 
et al, 2019). Since during large neural defects, SCs are 
inadequate, it is critical to supply a sufficient rate of SCs 
to repair the site (Lotfi et al, 2019). However, the supply 
of cultured autogenic SCs is limited by the lack of avail-
ability, donor site morbidity, and the low capacity to pro-
liferate remarkably that delay the treatment. Thus, alter-
native cell sources that can differentiate into functional 
SCs are desirable (Petrova 2015; Resch et al, 2019). 

Neural crest stem cells are known as a type of multipotent 
progenitor cells that give rise to various phenotypic lineages, 
including SCs. In the craniofacial region, these stem cells 
are found in some tissues, such as dental pulp (Haratizadeh 
et al., 2016; Pisciotta et al., 2020; Solis-Castro et al., 2020), 

periodontal ligament (Pisciotta et al., 2020), dermal papilla 
(Hunt et al., 2008), and nasal mucosa (Duan & Lu, 2015). 

Olfactory ecto-mesenchymal stem cells (OE-MSCs) 
are a new population of neural-crest-derived stem cells 
(Duan & Lu, 2015) that can be obtained from the ol-
factory nasal mucosa niche using non-invasive tech-
niques (Simorgh et al., 2021a; Simorgh, et al., 2021b). 
Ecto-mesenchymal stem cells (EMSCs) possess unique 
properties, including multilineage differentiation and 
self-renewal capacity, higher mitotic activity compared 
to mesenchymal stem cells isolated from other tissue 
sources especially bone marrow mesenchymal stem 
cells (BM-MSCs) (Delorme et al., 2010), immunoregu-
latory function (Rui et al., 2016), and the lack of apop-
totic and tumorigenic activities (Alvites et al., 2020; 
Shafiee et al., 2011; Veron, et al., 2018). Moreover, it has 
been demonstrated that EMSCs have a higher potential 
compared to other sources of stem cells to secret neuro-
trophic factors and differentiate into different neurogenic 
cells, including SCs because of originating from the neu-
ral crest (NC) (Veron et al., 2018; Zhang et al., 2015). 
These stem cells are also known as Schwann progenitor 
cells and express SC markers, namely S100 and p75NTR 

(Chen et al., 2015). Therefore, they can be considered a 
good choice for cell therapy in peripheral nerve injuries. 
Recent research has shown that EMSCs are capable of 
spontaneously differentiating into various lineages, such 
as melanocyte (Paino et al., 2010), smooth muscle, and 
osteoblast lineages (Lin et al., 2006), whereas their dif-
ferentiation into glial cell lineage has not been well un-
derstood. EMSCs differentiation into SC-like cells has 

Highlights 

• OE-MSCs from human nasal mucosa showed the significant mitotic activity in comparison to ASCs and SCs.

• hOE-MSCs had tendency to differentiate spontaneously into SC-like phenotypes.

• OE-MSCs could secrete neurotrophic factors and promote neurite outgrowth in vitro.

• hOE-MSCs as a valuable source of autologous stem cells had a potential for the transplantation in PNIs.

Plain Language Summary 

In this study, spontaneously differentiation of olfactory ectomesenchymal stem cells (OE-MSCs) derived from neural 
crest into SC lineage was considered. After isolation and culture of OE-MSCs in glial growth factors-free medium, 
they were investigated in terms of glial markers expression, secretion of neurotrophic factors and promotion of neurite 
outgrowth using immunocytochemical staining, real-time PCR analysis and Elisa test. The findings of the present 
study indicated tendency of hOE-MSCs to spontaneous differentiation into SCs-like cells and promotion of neurite 
outgrowth, therefore their applications for transplantation in peripheral nerve injuries were suggested.
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previously been represented in a specific glial differen-
tiating medium (Nie et al., 2007; Zhang et al., 2015). In 
this research, for the first time, we aim to investigate the 
spontaneous differentiation of EMSCs from human ol-
factory mucosa into functional SC-like cells by examin-
ing SC-specific markers expression, neurotrophic factors 
secreted by OE-MSCs monolayer at culture media, and 
neurites outgrowth from PC12 cells on a co-culture assay.

2. Materials and Methods

Isolation and culture of human olfactory ecto-
mesenchymal stem cells 

Human nasal mucosa cells were obtained using a modi-
fied technique as previously described (Karimi et al, 
2021). Nasal mucosa biopsies were collected from in-
dividuals in the age range of 20 to 50 years, undergoing 
nasal surgery at Iran University Hospital Research Center. 
In brief, after local anesthesia, the biopsy was performed 
from the nasal superior conchae. The samples were imme-
diately washed with phosphate-buffered saline (PBS) and 
placed in DMEM/Ham’s F12 (Gibco, USA) supplement-
ed with 1% penicillin/streptomycin (Pen/Strep; Gibco, 
USA). The lamina propria was isolated under a dissecting 
microscope and incubated for 40 min at 37°C in dispase 
II solution (2.4 U/mL). Then, the suspension of the cells 
was placed into flasks and cultured in a growth medium, 
DMEM/F12 supplemented with 10% fetal bovine serum 
(FBS; Gibco, USA) and 1% Pen/Strep at 37°C with 5% 
CO2. The media was changed every 72 h and when the ad-
herent cells reached 80% confluence, they were passaged. 
The cells in the fourth passage were used for the study.

Characterization of human olfactory ecto-mesen-
chymal stem cells 

The cells were confirmed by morphological assess-
ment, flow cytometry analysis for CD105, CD90, and 
CD73 as positive markers, and CD45 and CD34 as 
negative markers, and immunofluorescence staining for 
examining the NC markers, nestin and vimentin. In ad-
dition, the multilineage differentiation capacity of OE-
MSCs was assessed by the induction into osteogenic and 
adipogenic lineages.

Cell proliferation assay

The MTT assay was done to determine the growth 
rate of human OE-MSCs and compare that with human 
adipose tissue-derived stem cells (ASCs) as an identi-
fied and accessible source from human MSCs that can 
be differentiated into SCs (Fu et al., 2016; Kinghamet 

al., 2007). Moreover, the viability rate of OE-MSCs was 
separately compared to human SCs. The cells at passage 
4 were plated at a density of 2×103 cells/well in a 96-well 
plate for 1, 4, and 7 days. Then, the MTT solution was 
added to the cells and incubated for 4 h. The insoluble 
formazan crystals were dissolved using dimethyl sulfox-
ide and the absorbance was measured at 570 nm.

Evaluation of schwann-cell-like phenotypes in 
human olfactory ecto-mesenchymal stem cells 

To evaluate the potential for spontaneous differentia-
tion of OE-MSCs into SC-like cells, human OE-MSCs 
were cultured in a medium, DMEM/F12 supplemented 
with 10% FBS, and 1% Pen/Strep for 7 days (Chen et 
al., 2015). Then, the expression of SC-specific mark-
ers, genes, and secreted proteins was tested through im-
munocytochemistry, quantitative real-time polymerase 
chain reaction (qRT-PCR), and enzyme-linked immuno-
sorbent assay (ELISA), respectively.

Immunofluorescence assay

For immunostaining (Kingham et al., 2007), the cells 
were fixed in fresh 4% paraformaldehyde (PFA) for 15 
to 20 min. After washing with PBS, the fixed cells were 
blocked with 10% goat serum for approximately 1 h. 
Then, primary antibodies, mouse monoclonal anti-S100 
(1:400; Abcam), rabbit polyclonal anti-glial fibrillary 
acidic protein (GFAP; 1:200; Abcam), and mouse anti-
myelin basic protein (MBP; 1:20; Sigma) were added, 
and the cells were incubated at 4°C overnight. The cells 
were treated with Texas Red goat anti-mouse, Alexa Flu-
or 488 goat anti-mouse, and FITC goat anti-rabbit (IgG) 
as secondary antibodies (1:500; Abcam), respectively, 
for 1 h in the dark at room temperature. Finally, cell nu-
clei were labeled with 4′,6′-diamidino-2-phenylindole 
dihydro-chloride (DAPI; Sigma) and evaluated by a 
fluorescence microscope. For the quantification of im-
munocytochemistry, the number of total cells and posi-
tively stained cells were counted.

Quantitative real-time polymerase chain reaction 
analysis

The total mRNA within human OE-MSCs was ex-
tracted using TRIzol. Then, isolated RNAs were used 
for cDNA synthesis by the reverse transcription kit (Fer-
mentas, Germany). Real-time PCR was done using the 
SYBR Master Mix (Takara, Japan). The primer sequenc-
es are listed in Table 1. 

Entezari et al. (2023). Differentiation of Ectomesenchymal Stem Cells Into Schwann Cell Like Phenotype. BCN, 14(1), 31-42.

http://bcn.iums.ac.ir/


Basic and Clinical

34

January & February 2023, Volume 14, Number 1

The DNA amplification was performed under the fol-
lowing conditions: after the pre-degeneration at 95°C for 
2 min, 40 cycles in two steps were performed at 95°C 
for 5 sec and 66°C for 30 sec. The reactions were done 
in triplicate. The relative expression of each mRNA was 
calculated through the ΔΔCT method and normalized to 
that of β-actin as the housekeeping gene.

Human olfactory ecto-mesenchymal stem-cells-
secreted neurotrophic factors 

The released neurotrophins, nerve growth factor 
(NGF), and brain-derived neurotrophic factor (BDNF) 
in the OE-MSCs-conditioned medium were analyzed by 
an ELISA test (Peng et al., 2011). The conditioned me-
dia from the human SCs were purchased from the Stem 
Cell Research Institute (Bonyakhteh, Iran) and the base 
medium was used as the control group. To collect the 
conditioned media, 1×104 cells/mL OE-MSCs and SCs 
were seeded on a 48-well plate and incubated overnight. 
After that, the media was replaced with DMDM/F12 
plus 1% FBS and cultured for 72 h at 37°C and 5% CO2. 
The conditioned media was collected and frozen at -80°C 
until assessment. The protein levels of NGF and BDNF 
were measured via the ELISA, human β-NGF DuoSet, 
and human BDNF Quantikine ELISA kits (R&D Sys-
tems Inc., USA) and measured at 450 nm absorbance 
according to the manufacturer’s protocol.

Co-culture of human olfactory ecto-mesenchymal 
stem cells with PC12 cells

To investigate the function of human OE-MSCs on 
neurites outgrowth, we examined the co-culture of the 
OE-MSCs with rat pheochromocytoma (PC12) cells 

applied as an in vitro model for investigating neuronal 
differentiation (Xue et al., 2017). The PC12 cells were 
seeded at a density of 500 cells/well on the monolayer 
of human OE-MSCs. After 24 h incubation in DMEM/
F12 plus 10% FBS, it was switched to a medium supple-
mented with 1% FBS and 50 ng/mL NGF (Sigma) for 
5 days. The media was changed every 72 h. PC12 was 
grown alone on a tissue culture plate and PC12 seeded 
with human SCs was used as control cultures. 

Neurite outgrowth

The behavior of neurites extending from PC12 was 
evaluated by immunostaining with anti-β III tubulin 
antibody (1:200; Millipore) and Alexa Fluor 488 goat 
anti-mouse IgG (1:500; Abcam) as a secondary antibody 
and was imaged under a fluorescence microscope. For 
the quantification of neurite outgrowth. Images of 10-15 
cells from at least 5 randomly selected fields per well 
were analyzed. Neurites in each field were measured 
from soma to the end of neurite using the ImageJ soft-
ware and then averaged. Subsequently, the maximal neu-
rite length in each field was calculated.

Statistical analysis

The data were expressed as a Mean±SE. To analyze 
the data, we used GraphPad Prism software, version 
7. The statistical analysis was done using one-way and 
two-way analysis of variance (ANOVA) to compare the 
differences between groups. The P<0.05 was considered 
a statistically significant difference.

Entezari et al. (2023). Differentiation of Ectomesenchymal Stem Cells Into Schwann Cell Like Phenotype. BCN, 14(1), 31-42.

Table 1. Primer sequences in real-time polymerase chain reaction

Target Gene Primer Sequence (5'-3')

SOX10
F: GATTCAGGCTCCGTCCA
R: TCGCAAAGAGTCCAACG

GFAP
F: GCAGACCTTCTCCAACCTG

R: ACTCCTTAATGACCTCTCCATC

S100
F: AGCACACCCTGAGCAAGA
R: TCACCTCCTGGTCCTTGT

P75
F: GAAGGGAGCACTGGCG

R: TGATGACACAGTTCACCACTC

MBP
F: ACCCCGTAGTCCATTCTTC

R: ACTCCCTTGAATCCCTTGTG

β-actin
F: CTTCCTTCCTGGGCATG

R: GTCTTTGCGGATGTCCAC
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3. Result

Identification of human olfactory ecto-mesenchy-
mal stem cells originated from neural crest

Morphologically, olfactory stem cells appeared as fi-
broblast-like cells and spindle-shaped. Here, these cells 
proliferated rapidly and after a short time, they were har-
vested at 80% confluency (Figure 1 A). The multipoten-
cy capacity of OE-MSCs was confirmed through differ-
entiation toward two lineages, namely osteogenesis and 
adipogenesis by Alizarin Red S and Oil Red-O staining, 
respectively (Figure 1 B, C). Immunofluorescent stain-
ing revealed that almost all of the human OE-MSCs 
expressed nestin and vimentin (Figure 2 A). Moreover, 
flow cytometry analysis showed that the isolated human 
OE-MSCs expressed CD105 (97.18%), CD73 (98.12%), 
and CD90 (98.98%), while they were negative for hema-
topoietic markers CD45 and CD34 (Figure 2 B).

Proliferation rate of human olfactory ecto-mesen-
chymal stem cells 

For the MTT assay, OE-MSCs, ASCs, and SCs isolated 
from human tissues at passage 4 were plated at a density 
of 2×103 cells/well. As shown in Figure 3 A, the prolif-
eration rate of MSCs taken from nasal mucosa was sig-
nificantly higher than those from the adipose tissue. The 
remarkable growth of OE-MSCs started at early hours, 
and after 7 days displayed an almost 3-fold increase com-
pared to ASCs (Figure 3 A). The same result was also ob-
tained when the growth rate of OE-MSCs was compared 
to that of human SCs. (Figure 3 B). MTT showed that 
the expansion of OE-MSCs was more rapid compared to 
human SCs on all evaluated days, suggesting the lower 
proliferation ability of human SCs (****P<0.0001).

Evaluation of schwann-cell-like phenotypes in 
cultured human olfactory ecto-mesenchymal stem 
cells

One week after the OE-MSCs culture, the expression of 
SC-specific markers was tested. The immunofluorescent 
staining showed that human OE-MSCs were positive for 
markers S100 (86.03%±9.41%), MBP (39.22%±3.66%), 
and GFAP (39.8%±8.4%) (Figure 4 A). To confirm the 
results, RT-qPCR was performed on human OE-MSCs 
(Figure 4 B). The levels of mRNA SOX10, S100, p75, 
GFAP, and MBP were analyzed, and the results showed 
the expression of all genes in human OE-MSCs. How-
ever, the SOX10 marker showed the highest expres-
sion in between genes, and the level of the S100 marker 
was significantly higher than that of other mRNAs 
(***P<0.001, *P<0.05). No remarkable differences in 
levels of p75, MBP, and GFAP mRNAs were found in 
human OE-MSCs.

Functional properties of cultured human olfactory 
ecto-mesenchymal stem cells

To evaluate the similarity of OE-MSCs function with 
that of SC-like, the levels of secreted neurotrophins, 
BDNF, and NGF in the OE-MSCs-conditioned medium 
were detected by the ELISA quantification (Figure 5 
A, B). The results showed that OE-MSCs secreted de-
tectable levels of BDNF and NGF (***P<0.001). Also, 
there was no statistically significant difference between 
OE-MSCs and SCs in levels of both neurotrophic fac-
tors. The ability of OE-MSCs to promote the extension 
of neurites was revealed by assessing their interaction 
with PC12 cells after 6 days (Figure 6). The analysis 
and quantification of co-culture images showed that 
neurites of PC12 were more elongated in the presence 
of OE-MSCs and SCs, and neurite extension increased 

Figure 1. Characterization of human olfactory ecto-mesenchymal stem cells

A) The olfactory ecto-mesenchymal stem cells at the fourth passage formed a monolayer of fibroblast-like cells under phase 
contrast, B) The differentiated olfactory ecto-mesenchymal stem cells into osteocytes stained with Alizarin Red S, C) The dif-
ferentiated olfactory ecto-mesenchymal stem cells into adipocytes stained with Oil Red-O (scale bar=40 µm).
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significantly to 131.9±49.5 µm and 154.2±83.8 µm, 
respectively (**P<0.01, ***P<0.001) (Figure 6 B). In 
contrast, PC12 cultured alone on tissue culture plate has 
shown short neurites (87.9±38.2 µm). Likewise, the lon-
gest neurite length significantly increased to 214±83.8 
µm, and 262.6±72.6 µm, in groups of co-culture with 
OE-MSCs and Schwann cells, respectively (*P<0.05, 
**P<0.01), compared to PC12 alone (139±26.5 µm) 
(Figure 6 C). There was also no significant difference 
between the co-cultured groups.

4. Discussion

Current cell transplantation strategies for facilitating 
remyelination and nerve regeneration face limited SCs 
expansion. Various types of stem cells can be considered 
promising alternatives to overcome these limitations (Ji-
ang et al., 2017; Zaminy et al., 2013). Given the high 
potential of NC-derived stem cells as a source of autol-
ogous stem cells for the generation of glial cell types, 
recent studies have focused on ecto-mesenchymal stem 

cells originating from NC and their differentiation into 
SC-like cells (Nie et al., 2007). The results have shown 
that these stem cells differentiate to SC phenotypes un-
der different differentiation conditions (Zhang et al., 
2015). In the present study, spontaneous differentiation 
of EMSCs obtained from human nasal olfactory mucosa 
into SC-like cell phenotypes was investigated. The iso-
lated human OE-MSCs were characterized in terms of 
having fibroblastic-like and spindle-shaped morphol-
ogy, the expression of a set of ecto-mesenchymal stem 
cells-associated markers, and multipotent differentiation 
capability. Our experiments confirmed the three char-
acteristics mentioned in human OE-MSCs, in line with 
previous studies on other EMSCs (Chen et al., 2015; Rui 
et al., 2016). The growth rate of OE-MSCs was deter-
mined and further compared with that of cells isolated 
from human adipose tissue and human SCs, separately. 
Both results showed that OE-MSCs proliferated signifi-
cantly faster than ASCs and SCs.

Entezari et al. (2023). Differentiation of Ectomesenchymal Stem Cells Into Schwann Cell Like Phenotype. BCN, 14(1), 31-42.

Figure 2. Characterization of human olfactory ecto-mesenchymal stem cells by immunocytochemistry and flow cytometry 
analysis

A) The immunocytochemical staining showed that human olfactory ecto-mesenchymal stem cells expressed nestin and vimen-
tin (scale bar=20 µm); B) The flow cytometric analysis indicated that the cells were positive for CD105, CD73, and CD90, and 
negative for CD45 and CD34.
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Speed: 3.0 µl/s
Enable Parameter Gain Log L-L U-L Comp. FSC SSC FL1 FL2 FSC-A SSC-A FL1-A FL2-A IC LogBias: ON

FSC  185.0 lin 200.0 999.9 -- - - - - - - - -
SSC  230.0 lin 10.0 999.9 - -- - - - - - - -
FL1  440.0 log3 10.0 999.9 - - -- 44.5 - - - - 0.6
FL2  470.0 log3 10.0 999.9 - - 26.6 -- - - - - 0.7
FSC-A  185.0 lin 200.0 999.9 - - - - -- - - - -
SSC-A  230.0 lin 10.0 999.9 - - - - - -- - - -
FL1-A  440.0 log3 10.0 999.9 - - - - - - -- - -
FL2-A  470.0 log3 10.0 999.9 - - - - - - - -- -

File: CD73 PE-2   Date: 15-10-2016  Time: 11:33:07    Particles: 5179   Acq.-Time: 83 s
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Region Gate Ungated Count Count/ml %Gated Mean-x CV-x% Mean-y CV-y%
R1 <None> 4359    4359    -    84.17 110.75  29.41 72.31   38.13
Q1 R1 12      5       -    0.11 5.10    75.58 50.61   104.85
Q2 R1 26      11      -    0.25 53.94   94.89 48.43   202.56
Q3 R1 122     66      -    1.51 4.31    46.84 4.44    47.93
Q4 R1 5019    4277    -    98.12 118.52  64.08 1.41    67.26
RN1 R1 38      16      -    0.37 49.11   172.39 -    -    
RN2 R1 5044    4290    -    98.42 118.30  64.22 -    -    
Speed: 3.0 µl/s
Enable Parameter Gain Log L-L U-L Comp. FSC SSC FL1 FL2 FSC-A SSC-A FL1-A FL2-A IC LogBias: ON

FSC  185.0 lin 200.0 999.9 -- - - - - - - - -
SSC  230.0 lin 10.0 999.9 - -- - - - - - - -
FL1  430.0 log3 10.0 999.9 - - -- 6.8 - - - - 0.9
FL2  470.0 log3 10.0 999.9 - - 12.4 -- - - - - 0.9
FSC-A  185.0 lin 200.0 999.9 - - - - -- - - - -
SSC-A  230.0 lin 10.0 999.9 - - - - - -- - - -
FL1-A  430.0 log3 10.0 999.9 - - - - - - -- - -
FL2-A  470.0 log3 10.0 999.9 - - - - - - - -- -

File: CD90-FITC-2   Date: 15-10-2016  Time: 11:31:07    Particles: 5089   Acq.-Time: 128 s
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Region Gate Ungated Count Count/ml %Gated Mean-x CV-x% Mean-y CV-y%
R1 <None> 4306    4306    -    84.61 109.27  28.84 71.14   37.89
Q1 R1 4790    4238    -    98.42 2.52    67.23 150.00  58.50
Q2 R1 147     26      -    0.60 12.57   22.45 353.16  40.66
Q3 R1 150     42      -    0.98 1.41    76.32 6.17    48.65
Q4 R1 2       0       -    0.00 -    -    -    -    
RN1 R1 4930    4262    -    98.98 150.84  58.14 -    -    
RN2 R1 163     28      -    0.65 12.38   22.64 -    -    
Speed: 3.0 µl/s
Enable Parameter Gain Log L-L U-L Comp. FSC SSC FL1 FL2 FSC-A SSC-A FL1-A FL2-A IC LogBias: ON

FSC  185.0 lin 200.0 999.9 -- - - - - - - - -
SSC  230.0 lin 10.0 999.9 - -- - - - - - - -
FL1  430.0 log3 10.0 999.9 - - -- 44.5 - - - - 0.6
FL2  470.0 log3 10.0 999.9 - - 17.7 -- - - - - 0.8
FSC-A  185.0 lin 200.0 999.9 - - - - -- - - - -
SSC-A  230.0 lin 10.0 999.9 - - - - - -- - - -
FL1-A  430.0 log3 10.0 999.9 - - - - - - -- - -
FL2-A  470.0 log3 10.0 999.9 - - - - - - - -- -

File: CD105 FITC-2   Date: 15-10-2016  Time: 11:35:24    Particles: 5104   Acq.-Time: 75 s
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Region Gate Ungated Count Count/ml %Gated Mean-x CV-x% Mean-y CV-y%
R1 <None> 4292    4292    -    84.09 112.76  28.56 71.95   37.53
Q1 R1 4608    4165    -    97.04 2.85    51.25 40.02   63.52
Q2 R1 109     6       -    0.14 27.69   120.22 117.50  70.08
Q3 R1 384     120     -    2.80 1.65    50.30 7.12    35.39
Q4 R1 3       1       -    0.02 80.90   0.00 1.00    0.00
RN1 R1 4717    4171    -    97.18 40.14   64.11 -    -    
RN2 R1 118     8       -    0.19 32.14   108.61 -    -    
Speed: 3.0 µl/s
Enable Parameter Gain Log L-L U-L Comp. FSC SSC FL1 FL2 FSC-A SSC-A FL1-A FL2-A IC LogBias: ON

FSC  185.0 lin 200.0 999.9 -- - - - - - - - -
SSC  230.0 lin 10.0 999.9 - -- - - - - - - -
FL1  430.0 log3 10.0 999.9 - - -- 6.8 - - - - 0.9
FL2  470.0 log3 10.0 999.9 - - 17.7 -- - - - - 0.8
FSC-A  185.0 lin 200.0 999.9 - - - - -- - - - -
SSC-A  230.0 lin 10.0 999.9 - - - - - -- - - -
FL1-A  430.0 log3 10.0 999.9 - - - - - - -- - -
FL2-A  470.0 log3 10.0 999.9 - - - - - - - -- -
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 These findings were confirmed by Delorme and col-
leagues in a study that displayed a near 3-fold prolifera-
tion rate of OE-MSCs compared to that of bone marrow 
MSCs (Delorme et al., 2010), and also several studies 
that demonstrated poor expansion and prolonged in vitro 
culture of SCs compared to stem cells especially MSCs 
(Peng et al., 2011; Petrova, 2015). Given that a large 
number of cells are usually required in transplantation 
(Xue et al., 2017), the high proliferation of human OE-
MSCs showed that these stem cells can be considered 
a reliable source for cell therapy. In this research, we 
found that OE-MSCs cultured without the presence of 
glial growth factors expressed typical markers of SCs. 
They secreted high levels of neurotrophins and enhanced 
the neurite outgrowth from PC12 cells in the co-culture 
system, displaying trophic effects and phenotypic char-
acteristics similar to those of SCs (Lin et al., 2006). 

Consistent with previous studies, our study showed that 
almost all OE-MSCs expressed NC markers, namely nes-
tin and vimentin. Nestin and vimentin are intermediate 
filament proteins that can be used for the identification of 
neural stem cells (Biagiotti et al., 2006). Recently, the ex-

pression of nestin has been observed in MSCs from bone 
marrow and adipose tissue, and its importance has been 
demonstrated for the committed differentiation along the 
glial lineage (Caddick et al., 2006; Kingham et al., 2007). 
It has been reported that the potential of glial cell forma-
tion by adipose and bone marrow-derived MSCs may 
be due to the presence of NC-derived stem cells ( Zhang 
et al., 2015). During the development, NC multipotent 
stem cells give rise to a variety of lineages, including SCs 
(Achilleos & Trainor, 2012; Mehrotra et al., 2020). 

These cells transform to mature SCs (myelinating and 
non-myelinating SCs) through the generation of SC pre-
cursors (SCPs) and immature SCs (iSCs) (Jessen & R. 
Mirsky, 2019). The extensive changes take place in a set 
of phenotypic features, including the expression of genes 
and proteins at every stage of SC development that is 
used to identify a state of SCs. For instance, there was no 
expression of GFAP and S100 markers in SCPs, whereas 
they were upregulated in iSCs differentiated from SCPs 
(Mirsky et al., 2008; Woodhoo & Sommer, 2008).

Figure 3. The proliferation of ecto-mesenchymal stem cells from human olfactory mucosa, mesenchymal stem cells from hu-
man adipose tissue, and human schwann cells 

A) The MTT assay determined the growth rate of human olfactory ecto-mesenchymal stem cells (▲) and human adipose tissue-
derived stem cells (▪); B) Human olfactory ecto-mesenchymal stem cells and human Schwann cells for 1, 4, and 7 days in absor-
bance (570 nm). *P<0.05, ****P<0.0001, NS: Not significant.
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 Also myelinating SCs expressed a range of myelin-
associated genes, such as MBP. Nevertheless, some 
markers like p75NTR and SOX10 showed no signifi-
cant change and presented in a whole of early develop-
mental stages (Woodhoo & Sommer, 2008). Although 
it has been demonstrated that p75, S100, GFAP, and 
MBP, as glial markers, were expressed strongly in EM-
SCs differentiated to SCs phenotypes under induction 
medium (Nie et al., 2007; Zhang et al., 2015), the ex-
pression of some of them has been observed in EMCSs 
cultured at growth factor-free medium (Alvites et al., 
2020; Chen et al., 2015; Zhang et al., 2015). In this 
study, immunofluorescent staining of spontaneously dif-
ferentiated human OE-MSCs displayed that most cells 
were immune-positive for S100 and GFAP markers, and 
a few cells were GFAP and MBP-positive. This result 
was confirmed by the qRT-PCR analysis and showed the 
co-expression of SC-specific genes, comprising SOX10, 

S100, p75, MBP, and GFAP. However, the mRNA level 
of p75, MBP, and GFAP was significantly lower than 
that of other genes. In line with our study, a recent study 
showed that EMSCs from respiratory nasal mucosa 
could differentiate spontaneously into SC phenotype on 
a fibrin gel substrate (Chen et al., 2015).

 In another research, spontaneous differentiation of 
EMSCs from dental papilla into mature melanocytes 
was demonstrated (Paino et al., 2010) and showed that 
some EMSCs of the first branchial arch could differenti-
ate spontaneously into osteoblast and smooth muscle lin-
eages, but not glial lineage (Lin et al., 2006). It has been 
also suggested that the fate of migrating pluripotent and 
uncommitted NC cells may be dictated by local factors 
in their environment (Deng et al., 2004; Liu et al., 2012). 
These cells and their derived-EMSCs after migration to 
the target tissues could obtain a degree of commitment 
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Figure 4. The expression of glial cell markers in human human olfactory ecto-mesenchymal stem cells

A) The immunocytochemical staining showed S100, MBP, and GFAP in olfactory ecto-mesenchymal stem cells cultured in 
nerve growth factors-free media (scale bar=20 µm), B) The real-time PCR analysis showed mRNA levels of Schwann cells at 
different states in olfactory ecto-mesenchymal stem cells differentiated in nerve growth factor-free media; S100 and SOX10 
were significantly higher than other genes; *P<0.05 and ***P<0.001.
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to be spontaneously promoted without various growth 
factors (Deng et al., 2004). It could be the reason that 
EMSCs isolated from different sites tend to differentiate 
spontaneously along specific lineages. In our study, these 
expressed markers showed that human OE-MSCs were 
similar to immature SCs.

The phenotypic characteristics are not usually enough 
data to justify whether the function of OE-MSCs is simi-
lar to SCs (Peng et al., 2011). As mentioned before, SCs 
dedifferentiate and convert into an immature state in re-
sponse to peripheral nerve injury (Mirsky et al., 2008). 

These SCs proliferate rapidly and secrete various neu-
rotrophic factors that promote axonal regrowth (Boer-
boom et al., 2020). In this regard, the ability to release 
neurotrophic factors and extend neurites by OE-MSCs 
was investigated. 

The results from the ELISA test indicated that the hu-
man OE-MSCs-conditioned medium produced high 
levels of neurotrophins, NGF, and BDNF. These factors 
as biological regulators could play important roles in dif-
ferentiation, myelination, and neuronal growth (Piirsoo 
et al, 2010). Many studies have used an in vitro model to 

3.4. Functional Properties of Cultured Human Olfactory Ecto-mesenchymal Stem Cells 

To evaluate the similarity of OE-MSCs function with that of SC-like, the levels of secreted 

neurotrophins, BDNF, and NGF in the OE-MSCs-conditioned medium were detected by the ELISA 

quantification (Figure 5A, B). The results showed that OE-MSCs secreted detectable levels of 

BDNF and NGF (***P < 0.001). Also, there was no statistically significant difference between OE-

MSCs and SCs in levels of both neurotrophic factors. The ability of OE-MSCs to promote the 

extension of neurites was revealed by assessing their interaction with PC12 cells after 6 days 

(Figure 6). The analysis and quantification of co-culture images showed that neurites of PC12 

were more elongated in the presence of OE-MSCs and SCs, and neurite extension increased 

significantly to 131.9 ± 49.5 µm and 154.2 ± 83.8 µm, respectively (**P < 0.01, ***P < 0.001) 

(Figure 6B). In contrast, PC12 cultured alone on tissue culture plate has shown short neurites 

(87.9 ± 38.2 µm). Likewise, the longest neurite length significantly increased to 214 ± 83.8 µm, 

and 262.6 ± 72.6 µm, in groups of co-culture with OE-MSCs and Schwann cells, respectively (*P < 

0.05, **P < 0.01), compared to PC12 alone (139 ± 26.5 µm) (Figure 6C). There was also no 

significant difference between the co-cultured groups. 
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Notes: Detectable levels of brain-derived neurotrophic factor and nerve growth factor (pg/mL) in human 
olfactory ecto-mesenchymal stem cells (A, B). *** P < 0.001. 
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A and B) Detectable levels of brain-derived neurotrophic factor and nerve growth factor (pg/mL) in human olfactory ecto-
mesenchymal stem cells; *** P<0.001.

Figure 6. PC12 co-cultured with human olfactory ecto-mesenchymal stem cells and human schwann cells 

A) The immunocytochemistry staining for β III-tubulin showed neurites outgrowth from PC12 on tissue culture place, co-cul-
tured with olfactory ecto-mesenchymal stem cells and Schwann cells (arrows) (scale bar=20 µm), B and C) The average neurite 
length and the longest neurite length were determined in different groups. *P<0.05, **P<0.01, and ***P<0.001.
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tissue culture place, co-cultured with olfactory ecto-mesenchymal stem cells and Schwann cells (arrows) 
(scale bar = 20µm) (A). The average neurite length and the longest neurite length were determined in 
different groups (A, B). *P < 0.05, **P < 0.01, and ***P < 0.001. 
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cells as a source of autologous stem cells for the generation of glial cell types, recent studies have 

focused on ecto-mesenchymal stem cells originating from NC and their differentiation into SC-

like cells (28). The results have shown that these stem cells differentiate to SC phenotypes under 

different differentiation conditions (23, 36). In the present study, spontaneous differentiation of 

EMSCs obtained from human nasal olfactory mucosa into SC-like cell phenotypes was 

investigated. The isolated human OE-MSCs were characterized in terms of having fibroblastic-like 

and spindle-shaped morphology, the expression of a set of ecto-mesenchymal stem cells-

associated markers, and multipotent differentiation capability. Our experiments confirmed the 
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investigate the function of the derived SCs on the axonal 
outgrowth and nerve regeneration, and co-cultured them 
with PC12 cells or primary neurons used as representa-
tives of peripheral neuronal cells (Peng et al., 2011; Xue 
et al., 2017). After co-culturing OE-MSCs and PC12 
cells, it was shown the positive efficacy of these stem 
cells for neurite outgrowth promotion through intercel-
lular interactions and release of growth factors such as 
NGF and BDNF. 

These findings are in line with a study by Crigler and 
colleagues who recently showed that human MSCs sub-
populations could promote neuritogenesis and neuro-
nal survival by expression of various neuro-regulatory 
factors, such as NGF and BDNF (Crigler et al., 2006). 
However, some other studies demonstrated that differ-
entiated MSCs are more beneficial rather than untreated 
ones in stimulating neurite growth and nerve regenera-
tion (Peng et al., 2011). Although the tendency of hu-
man OE-MSCs to spontaneous differentiation into SCs-
like cells has been demonstrated in vitro models, further 
studies are required in animal models of peripheral nerve 
injuries to investigate whether the implantation of these 
stem cells could improve nerve regeneration.

5. Conclusion

The findings of the present study provided evidence 
that human OE-MSCs could show properties similar 
to immature SCs in terms of phenotypic and functional 
features. It appears that a degree of commitment along 
SCs lineage already exists for EMSCs migrated to the 
nasal mucosa. Given the high potential of NC stem cells 
to produce sufficient SCs for applications in clinics, our 
results suggested human OE-MSCs as a valuable source 
of autologous stem cells that can be used for transplanta-
tion in peripheral nerve injuries.
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